
DISCUSSION 

This department has been established by the. editors in order to afford to 
those interested in questions relating to economic geology an opportunity for 
informal discussion. Contributions are cordially invited either in the form 
of discussion of more formal papers appearing in earlier numbers or bearing 
upon matters not previously treated. Letters should be directed to the Editor, 
Sheffield Scientific School of Yale University, New Haven, Conn. The full 
name of the author should be attached to all communications. 

HYDROTHERMAL ALTERATION OF GRANITE. 

Sir: In Number 8, Volume VIII., of this journal there appears 
a criticism by W. L. Uglow of my article on "The Hydrothermal 
Alterations of Granite and the Source of Vein-Quartz at the St. 
Anthony Mine." Before replying in detail to the different items 
of the criticism, I might explain how the chemical analyses were 
obtained. 

It was my original intention to publish only a petrographic 
description of these rocks, but Professor Logo stated that he had 
a number of students who had made analyses and whom he con- 
sidered capable of analyzing a rock for the more common con- 
stituents. The powdered samples were, therefore, submitted and 
the analyses made by those students under Professor Logo's 
direction. In the first set of analyses the percentages of the 
rarer constituents were also obtained, but we did not deem it wise 
to publish them unless they were determined by experienced ana- 
lysts. Being surprised at the high proportion of soda when com- 
pared with potassium, and having to leave for the field about the 
time the results were received, the matter was left over until the 

next year and the same set of specimens under different numbers 
was submitted to another class of students, and in this case only 
the common constituents were determined. While these results 

differ a little in total and in the percentage of some of the con- 
stituents, they were very similar in most respects, and the ratio 
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of potassium to sodium was the same as in the other analyses. 
The publication of these analyses, therefore, seemed justified 
although they were not regarded as of the highest grade. 

Under heading • of Mr. Uglow's criticism, he attacks my cal- 
culations of the volume changes which have occurred in the 
alteration. In my statement there was no intention to convey the 
idea that a certain amount of feldspar had always altered to a 
known volume of secondary minerals, but rather that from the 
relations between the areas of thin sections from the different 

types, and the chemical analyses one can account for the higher 
percentage of certain constituents in the sections, and, therefore, 
in certain volumes of the altered rock. Mr. Ug10w cites Mr. 
Mead's paper, but I agree entirely with Mr. Mead in his state- 
ment that in hydrothermal alterations there may be addition and 
subtraction, and that unless all the factors be known, it is impos- 
sible to apply in detail these methods of calculation. In the same 
section of his article Mr. Uglow suggests a possible explanation 
of the unusual relation between the percentage of K20 and Na20 
as if it were an original idea, whereas if he had referred to page 
757 of the article, he would have found that this matter had 
already been discussed but with the additional advantage of some 
acquaintance with the field relations. 

As to the occurrence of a higher percentage of soda in these 
rocks than in other cases, the writer does not attempt to speak 
with authority on the subject, but it does seem reasonable that if 
the original rock were high in soda-bearing feldspars, and under 
requisite conditions these altered to a comparatively stable condi- 
tion, in the form of secondary mica, the altered rock might b• 
high in soda. In discussing this matter recently with a well- 
known mineralogist, he stated that he had found paragonite de- 
veloped by• metamorphism and that he did not regard this case as 
impossible. 

Under section 2 of Mr. Uglow's article, some exception.may be 
taken to the criticism in that, owing to the fact that only a por- 
tion of the minerals stated by me are named, a wrong impression 
might be obtained by anyone who read the criticism and was not 
familiar with the original paper. 
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This statement is made that no determination of H•.O, PgO,, 
F and C1 has been made, and that the analysis totals 99.63 per 
cent. If Mr. Uglow were familiar with rock analysis, he would 
know that when the phosphorus is not determined, it is reckoned 
with the alumina, and its determination would not, therefore, 
increase the total. Furthermore, if the analysis shows the pres- 
ence of C1, F or S a certain amount must be deducted as the 
oxygen equivalent and, according to Washington, this is 0.:22 
times the percentage for C1 and 0.42 for F. Taking these things 
into consideration, I do not see that the total in this analysis 
should worry anyone, especially as Washington states in his text 
"The Chemical Analysis of Rocks," page 23, that in the usual 
run of analytical work a satisfactory analysis may run from 99-5 
to lOO.75 per cent. 

. • 
Having recently had determinations for water above xo5 ø 

made, it was 'found that the following percentages of water were 
present. Specimen No. 337, 0.32 per cent., No. 336, x.75 per 
cent., and 335, 1.92 per cent. In the recalculation of No. 337, I 
readily admit that the alumina is too high and this is no doubt 
due to an error so often made by inexperienced chemists of allow- 
ing some silica to be carried down with the alumina. In looking 
up the first analysis of this specimen, I find that the alkalies are 
a little higher and the alumina a little lower than in the analysis 
published, although the ratio of the alkalies in the two analyses 
is almost identical. If we allow more of the potash to be reckoned 
as muscovite, than that allowed by the two-to-one ratio for water 
and potash of the theoretical composition, and this would be quite 
justified from the evidence offered when various analyses are 
considered, it would also reduce the excess of alumina a little. 

Checking up the petrographic analysis there are no minerals 
additional to those named, and the only change I would have 
any desire to make in my original statement would be to slightly 
reduce the relative importance of the apatite. 

In the consideration of No. 336 a re-examination of the thin 
sections verifies my previous conclusions and I do not accept Mr. 
Uglow's criticism of this specimen, because by assigning the 
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water (1.75 per cent.) to paragonite or part of it to sericite and 
then assigning the remainder of the alkalies to microcline,•quite 
a legitimate action since the soda in microcline may vary from 
zero to a percentage almost as great as that of the potash,--the 
analysis checks up very satisfactorily. 

The recalculation of No. 335 is not satisfactory, and the writer 
is at a loss to explain it. The alkalies are evidently too high, but 
they are in both of the analyses of this specimen made at different 
times anal by different men. The determination of water gave 
1.92 per cent. and this would correspond more nearly with the 
percentage of the alumina. In calculating the percentage 'com- 
position of complex compounds such as the micas, a good deal of 
latitude may be allowed, judging from various analyses which 
show the alumina content of sericite to vary from I9.28 to 36.76 
and that of potash from 4.4• to I 1.67 per cent., nevertheless this 
is not offered here as a satisfactory explanation. It is also pos- 
sible, however, that some feldspar in small grains occurs with the 
quartz and scaly mica in such intimate mixture that it cannot be 
recognized under the microscope, and this might account, to some 
extent, for the high percentage of the alkalies and low percentage 
of the alumina and water in an analysis of a considerable mass 
of the rock. 

While admitting defects in the chemical analyses since they 
were not made by expert chemists, these do not affect materially 
my conclusions, since they are supported fully by mineralogical 
determinations and field observations. Furthermore, the. most 

important item of the chemical analyses, namely, the ratio of the 
potash to the soda, seems to be substantiated because even if the 
percentage of the alkalies be not exact the method employed in 
analysis would cause the error to lie on the side of low soda and 
high potash rather than in the opposite direction. 

E., S..MooRE. 


